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FIG. IB 



(54) A method for manufacturing group III nitride compound semiconductor and a light-emitting 
device using group lii nitride compound semiconductor 

(57) A buffer layer 2 made of aluminum nitride (AIN) 
is formed on a substrate 1 and is formed into an island 
pattern such as a dot pattern, a striped pattern, or a grid 
pattern such that substrate-exposed portions are 
formed in a scattered manner. A group MI nitride com- 
pound semiconductor 3 grows epitaxially on the buffer 
layer 2 in a longitudinal direction, and grows epitaxially 
on the substrate-exposed portions in a lateral direction. 
As a result, a group ill nitride compound semiconductor 
3 which has little or no feedthrough dislocations 4 is 
obtained. Because the region where the group III nitride 
compound semiconductor 3 grows epitaxially in a lateral 
direction, on region 32, has excellent crystalfinity, form- 
ing a group III nitride compound semiconductor device 
on the upper surface of the region results in improved 
device characteristics. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 ] The present invention relates to a method for 
manufacturing a group III nitride compound semicon- 
ductor. Especially, the present invention relates to a 
method for manufacturing a group III nitride compound 
semiconductor in which an epitaxial lateral overgrowth 
(ELO) method is used to form a layer on a substrate. 
The present invention also relates to a light-emitting 
device using a group III nitride compound semiconduc- 
tor formed on a group IM nitride compound semiconduc- 
tor layer using the ELO method. A group ill nitride 
compound semiconductor can be made of binary com- 
pounds such as AIN, GaN or InN, ternary compounds 
such as AI^Ga^.j^N, AlxIn-j.^N or Gaj^ln^.^N (0<x<1), or 
quaternary compounds AI^Gaylni.^.yN (0<x<1, 0<y<1, 
0<x+y<1), that is, those are represented by a general 
formula AI^Gayln^.x-yN (0<x<1, 0<y<1, 0<x+y<1). 

Description of the R elated Art • 

[0002] A group III nitride compound semiconductor 
is a direct-transition-type semiconductor having a wide 
emission spectrum range from ultraviolet to red, and is 
applied to tight-emitting devices such as light-emitting 
diodes (LEDs) and laser diodes (LDs). The group III 
nitride compound semiconductor is, in general, formed 
on a sapphire substrate. 

[0003] However, in the above-described conven- 
tional technique, when a layer of a group III nitride com- 
pound semiconductor is formed on a sapphire 
substrate, cracks and/or warpage are generated in the 
semiconductor layer due to a difference in thermal 
expansion coefficient between sapphire and the group 
lit nitride compound semiconductor, and dislocations 
are generated in the semiconductor layer due to misfit, 
which result in degraded device characteristics. Espe- 
cially, dislocations due to misfit are feedth rough disloca- 
tions which penetrate the semiconductor layer in 
longitudinal direction, resulting in propagation of about 
1 0® cm'^ of dislocation in the group MI nitride compound 
semiconductor. 

[0004] FIG. 6 illustrates a schematic view showing a 
structure of a conventional group III nitride compound 
semiconductor. In FIG. 6, a buffer layer 2 and a group III 
nitride compound semiconductor layer 3 are formed 
successively on a substrate 1. in general, the substrate 
1 and the buffer layer 2 are made of sapphire and alumi- 
num nitride (AIN), respectively Although the AIN buffer 
layer 2 is formed to relax misfit between the sapphire 
substrate 1 and the group III nitride compound semicon- 
ductor layers, possibility of generating dislocations can- 
not be 0. Feedthrough dislocations 4 are propagated 
from dislocation generating points 40 in longitudinal 



direction (a direction vertical to a surface of thie sub- 
strate), penetrating the buffer layer 2 and the group Ml 
nitride compound semiconductor layer 3. Thus, manu- 
facturing a semiconductor device by laminating various 

5 group 111 nitride compound semiconductor layers on the 
group 111 nitride compound semiconductor layer 3 
results in propagating feedthrough dislocations 4 from 
dislocation generating points 41 which reach the sur- 
face of the group lit nitride compound semiconductor 

10 layers, further through the semiconductor device in lon- 
gitudinal direction. Accordingly, it had been difficult to 
prevent dislocations from propagating in the semicon- 
ductor device at the time when a group III nitride com- 
pound semiconductor layer is formed. 

15 

SUIVIMARY OF THE INVENTION 

[0005] Accordingly, in light of the above problems, 
an object of the present invention is to realize an effi- 
20 cient method capable of forming a layer of a group III 
nitride compound semiconductor without generation of 
cracks and dislocations to thereby improve device char- 
acteristics. 

[0006] In order to solve the above problems, the 

25 present invention has a first feature that resides in a 
method for manufacturing a group III nitride compound 
semiconductor, which hardly grows epitaxially on a sub- 
strate, by crystal growth, comprising: forming a buffer 
layer on a substrate into an island pattern such as a dot 

30 pattern, a striped pattern, or a grid pattern such that 
substrate-exposed portions are formed in a scattered 
manner; and forming a group III nitride compound sem- 
iconductor layer on the buffer layer by growing a group 
111 nitride compound epitaxially in longitudinal and lateral 

35 directions. 

[0007] Here forming substrate- exposed portions in 
a scattered manner does not necessarily represent the 
condition that each substrate -exposed portions is com- 
pletely separated, but represents the condition that the 

40 buffer layer exists around arbitrary substrate -exposed 
portions. In order to form the buffer layer into an island 
pattern such as a dot pattern, a striped pattern or a grid 
pattern, the following method can be applied: forming 
the buffer layer on the entire surface of the substrate 

4S and then removing the desired portions of the buffer 
layer by etching; or forming a selective mask such as an 
Si02 film on the substrate and partially forming the 
buffer layer. 

[0008] The "lateral" direction as used in the speclfi- 
50 cation refers to a direction parallel to a surface of the 
substrate. By using the above -described method, the 
group 111 nitride compound semiconductor grows on the 
buffer layer in a longitudinal direction. The group Hi 
nitride compound semiconductor which grows on the 
55 buffer layer in a longitudinal direction also grows in a lat- 
eral direction in order to cover the substrate-exposed 
portions. The growth velocity of the group 111 nitride 
compound semiconductor in the longitudinal and lateral 
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directions can be controlled by conditions of, for exam- 
ple, temperature, pressure, or supplying conditions of 
source materials. Accordingly, a group HI nitride com- 
pound semiconductor layer reunited into one layer can 
cover the substrate-exposed portions which are not cov- 
ered by the buffer layer from a base of the buffer layer 
which is formed into an island pattern such as a dot pat- 
tern, a striped pattern or a grid pattern. As a result, 
feedthrough dislocations of the group III nitride com- 
pound semiconductor exists only in the regions of group 
Ml nitride compound semiconductor layer formed on the 
buffer layer, which is formed into an island pattern such 
as a dot pattern, a striped pattern or a grid pattern. This 
is because feedthrough dislocations are not generated 
when the group III nitride compound semiconductor 
grows in a lateral direction but are generated when it 
grows in a longitudinal direction. Accordingly, surface 
density of longitudinal feedthrough dislocations of the 
group III nitride compound semiconductor layer 
decreases, and crystallinity of the device is improved. 
When a group III nitride compound semiconductor 
device which is manufactured using only a group III 
nitride compound semiconductor layer which is formed 
on the substrate-exposed portions, or the regions which 
are not covered by a buffer layer, surface density of 
feedthrough dislocations of the device can become 0. 
[0009] The second feature of the present invention 
is a method for manufacturing a group III nitride com- 
pound semiconductor, which hardly grows epitaxially on 
a substrate, by crystal growth, comprising: forming a 
buffer layer on a substrate into an island pattern such as 
a dot pattern, a striped pattern, or a grid pattern such 
that substrate-exposed portions are formed in a scat- 
tered manner; forming a group Hi nitride compound 
semiconductor layer on the buffer layer by growing a 
group III nitride compound epitaxially in longitudinal and 
lateral directions; etching at least one of the regions of 
the group III nitride compound semiconductor layer, 
growing in a longitudinal direction on the buffer layer 
which is formed into an island pattern; and growing the 
group III nitride compound semiconductor, which is left 
without being etched, in a lateral direction. Forming sub- 
strate-exposed portions in a scattered manner is 
explained in the first feature. 

[0010] In the second feature of the present inven- 
tion, the group ill nitride compound semiconductor layer 
is etched after carrying out the method of the first fea- 
ture, and then it is grown in a lateral direction in order to 
cover the etched regions. As described in the first fea- 
ture of the present invention, the surface density of lon- 
gitudinal feedthrough dislocations of the group III nitride 
compound semiconductor layer decreases, and crystal- 
Unity of the device is thus improved. By etching the 
regions of the group III nitride compound semiconductor 
layer which grow on the buffer layer in a longitudinal 
direction and have feedthrough dislocations, 
feedthrough dislocations generated by the longitudinal 
growth of the semiconductor layer can be eliminated. It 



is preferable to also etch the buffer layer to expose the 
substrate during etching of the group III nitride com- 
pound semiconductor layer. 

[0011] By growing the group III nitride compound 

5 semiconductor in a lateral direction again, the sub- 
strate-exposed regions can be covered and a group III 
nitride compound semiconductor layer which is reunited 
into one layer can be obtained. The lateral growth can 
be promoted by the conditions of, for example, temper- 

10 ature, pressure, or supplying conditions of source mate- 
rials. As a result, feedthrough dislocations existing in the 
group Hi nitride compound semiconductor layer can be 
eliminated. Thus, the group III nitride compound semi- 
conductor layer does not have longitudinal feedthrough 

15 dislocations, and crystallinity of the device is, therefore, 
improved. The scope of the present invention also 
involves a method of etching regions of the group III 
nitride compound semiconductor layer, including the 
upper surface of the buffer layer, wider than the width of 

20 the buffer layer in case that feedthrough dislocations are 
generated partially inclined (in a lateral direction). Simi- 
larly, all the regions of the group III nitride compound 
semiconductor layer which have feedthrough disloca- 
tions and grow on the buffer layer, whbh is formed into 

25 an island pattern such as a dot pattern, a striped pat- 
tern, or a grid pattern, is not necessarily etched. The 
group ill nitride compound semiconductor layer can be 
reunited into one layer by growing it in a lateral direction 
again, even when feedthrough dislocations are left with- 

30 out being etched in the semiconductor layer. The scope 
of the present invention also involves a method of divid- 
ing etching and epitaxial lateral overgrowth (ELO) com- 
ponents into several parts, according to a position or a 
design of the regions to form the buffer layer and limita- 

35 tions in the process afterward. 

[0012] The third feature of the present invention is 
to combine epitaxial growth of a group III nitride com- 
pound semiconductor layer formed on the buffer layer in 
longitudinal direction and epitaxial growth of the group 

40 III nitride compound in a lateral direction by using the 
difference between the velocities of epitaxial growth of 
the group Mi nitride compound semiconductor layer on 
the buffer layer and on the exposed substrate, in order 
to obtain a group HI nitride compound semiconductor 

■45 layer which covers the surface of the substrate. The dif- 
ference between the velocities of epitaxial growth of the 
group III nitride compound semiconductor on the buffer 
layer and on the substrate can be easily controlled by 
the conditions of, for example, temperature, pressure, or 

50 supplying conditions of source materials. Similarly, the 
velocities of growing the group HI nitride compound 
semiconductor epitaxially on the buffer layer in longitu- 
dinal and lateral directions can be controlled. By control- 
ling these conditions, surface density of feedthrough 

55 dislocations of the group III nitride compound semicon- 
ductor layer in longitudinal direction is decreased, and 
crystallinity of the device is improved. 
[0013] In this feature, the difference between the 
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velocities of epitaxial growth of the group Ml nitride com- 
pound semiconductor on the buffer layer and on the 
substrate is used. But this does not necessarily exclude 
the possibility that the group III nitride compound semi- 
conductor comprises a compound which is identical to 
that of the buffer layer in view of stoichiometric compo- 
sition. Depending on the layer formed under the semi- 
conductor layer and the condition of the epitaxial 
growth, the compound of the group 111 nitride compound 
semiconductor can be non-crystalline, a set of micro- 
crystalline and polycrystalline, or single-crystalline. The 
difference between the velocities of epitaxial growth of 
the group III nitride compound semiconductor layer on 
the buffer layer and on the exposed substrate is an 
essential point of the present invention, and combina- 
tion of the group Ml nitride compound, the compound 
forming the buffer layer, and materials to form the sub- 
strate is a method of generating the different epitaxial 
growth velocities. 

[001 4] The fourth feature of the present invention is 
that the substrate is made of sapphire. As a result, it is 
difficult to epitaxially grow the group III nitride com- 
pound semiconductor on the substrate. 
[0015] The fifth feature of the present invention is 
that the buffer layer is made of aluminum nitride (AIN). 
And the sixth feature of the present invention is that the 
group III nitride compound semiconductor which grows 
in lateral direction does not comprise aluminum (Al). 
[0016] The seventh feature of the present invention 
is to obtain a light-emitting group III nitride compound 
semiconductor device by forming an another group ill 
nitride compound semiconductor layer on the group Ml 
nitride compound semiconductor, which is formed on 
the region where the buffer layer is not formed, by using 
the above-described method. Because the group III 
nitride compound semiconductor layer is laminated on 
the regions which have no surface density of longitudi- 
nal feedthrough dislocations, reliability of the device is 
improved. 

[001 7] The eighth feature of the present invention is 
to obtain only the group III nitride compound semicon- 
ductor layer by using the above-described method. The 
group II) nitride compound semiconductor layer, which 
is a layer laminated on the substrate, is left by removing 
the subsi.ate. If necessary, the buffer layer can be 
removed with the substrate. When an insulator Is used 
to form the substrate, the group III nitride compound 
semiconductor layer can dope an arbitrary dopant Into 
the substrate so that the substrate has an arbitrary 
resistivity, and the group 111 nitride compound semicon- 
ductor layer with non-insulated substrate can be 
obtained. Because the group III nitride compound sem- 
iconductor layer has little or no surface density of 
feedthrough dislocations, it can be useful as a semicon- 
ductor substrate. 



BRIEF DESCRIPTION OF THE DRAWING 
[0018] 

5 FIGS. 1 A-1 E are sectional views showing a method 

for manufacturing the group 111 nitride compound 
semiconductor according to a first embodiment of 
the present invention; 

FIG. 2 is a sectional view showing a laser diode 
10 (LD) using the group III nitride compound semicon- 
ductor according to the first embodiment of the 

present invention; 

FIGS. 3A-3C are sectional views showing a method 
for manufacturing the group 111 nitride compound 
15 semiconductor according to a second embodiment 
of the present invention; 

FIGS. 4A-4C are views showing the method for 
manufacturing the group III nitride compound semi- 
conductor according to a second embodiment of 
20 the present invention; 

FIG- 5 is a view of a buffer layer according to other 
embodiments of the present invention; and 
FIG. 6 is a sectional view showing a group III nitride 
compound semiconductor formed by a conven- 
es tional method. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

30 [0019] The present invention will now be described 
by way of concrete embodiments. 

[0020] FIGS. 1 A-1 E, 3A-3C, and 4A-4C each show 
views of processes for manufacturing a group III nitride 
compound semiconductor according to the first embod- 

35 iment of the present invention. The group Hi nitride com- 
pound semiconductor of the present invention is formed 
through the use of a metal organic vapor phase epitaxy 
(hereinafter referred to as "MOVPE") method. Gases 
used in the MOVPE method are ammonia (NH3), carrier 

40 gas (H2, or Ng), trimethyl gallium {Ga(CH3)3) (hereinaf- 
ter referred to as "TMG"), and trimethyl aluminum 
(AI(CH3)3) (hereinafter referred to as "TMA"). 

(First Embodiment) 

45 

[0021] A single crystalline sapphire substrate 1 is 
formed to have a main surface 'a' which is cleaned by an 
organic washing solvent and heat treatment. An AIN 
buffer layer 2, having a thickness of about 40nm, is then 

50 formed on the surface 'a' of the sapphire substrate 1 
under conditions controlled by lowering the temperature 
to 400''C and concurrently supplying Hg, NH3 and TMA 
at a flow rate of lOL/min, 5L/min. and 20iJ,mol/min, 
respectively, for 3 minutes (FIG. 1 A). The buffer layer 2 

55 is then dry-etched in a striped pattern by selective dry- 
etching including reactive ion etching (RIE) using a hard 
baked resist mask. Accordingly, the AIN buffer layer 2 is 
formed in a striped pattern such that each region 
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defined above the buffer layer 2, has a width of 5jim, 
and each region where the sapphire substrate 1 was 
exposed, has a width of Sinm, and are formed alter- 
nately (FIGS. 1B and IE), 
^ [0022] A GaN layer 3 having a thickness of several 5 
thousands A was grown to cover the entire surface of 
the substrate and the AIN buffer layer, while maintaining 
the substrate 1 at a temperature of 1 1 50°C, and feeding 
Hg, NH3 and TMG at 20Lymin. lOLymin and 5^mol/min, 
respectively. TMG is then fed at SOOjimol/min, thereby 10 
obtaining about 3^m in th}cl<ness of GaN layer 3 at a 
growth temperature of 1000**C. In this embodiment, the 
GaN layer 3 was formed by growing GaN regions 32 
epitaxially on the sapphire substrate 1 in a lateral direc- 
tion, from the GaN regions 31 which grows epitaxially is 
on the upper surface of the AIN buffer layer 2 in a longi- 
tudinal direction and serves as a nucleus (FIGS. 1C and 
1 D). Accordingly, GaN regions 32 having excellent crys- 
tallinity can be obtained on the regions where the AIN 
buffer layer 2 is not formed and the sapphire substrate 1 20 
is exposed. 

[0023] A group III nitride compound semiconductor 
device can be formed using the GaN regions 32 having 
excellent crystallinity, which is fonned by epitaxial lateral 
overgrowth (ELO) method on the upper surface of the 25 
sapphire substrate 1, where predetermined regions of 
the substrate 1 for forming the device are exposed. FIG. 
2 illustrates a device 100 comprising an LD formed on 
the GaN regions of high crystallinity in a Si-doped n- 
type GaN layer 30. The n-GaN regions of high crystallin- 30 
ity is formed in the regions where the AIN buffer layer is 
not formed, and the following layers are laminated in 
sequence on each of the regions: an n-Alo.07Gao.93N 
cladding layer 4c; an n-GaN guide layer 5; an emission 
layer 6 having a multiple quantum well (MOW) structure, 35 
in which a well layer 61 made of Gao.9lno.1N and a bar- 
rier layer 62 made of Gao.97lno.03N were laminated 
alternately; a p-GaN guide layer 7; a p-Alo.o7Gaa93N 
cladding layer 8; and a p-GaN contact layer 9. Then 
electrodes 1 1 and 1 0 are formed on the n-GaN layer 30 40 
and the p-GaN contact layer 9, respectively. Because 
the LD shown in FIG. 2 does not have feedthrough dis- 
locations except around the electrode 1 1 , reliability of 
the LD as a device is improved. 

45 

(Second Embodiment) 

[0024] A single crystalline sapphire substrate 1 is 
formed to have a main surface 'a' which is cleaned by an 
organic washing solvent and heat treatment. An AIN so 
buffer layer 2, having a thickness of about 40nrh is then 
formed on the surface 'a' of the sapphire substrate 1 
under conditions controlled by lowering the temperature 
to 400*C and concun*ently supplying Hg, NH3 and TMA 
at a flow rate of lOLVmin, 6L/min. and 20jimol/min, 55 
respectively, for 3 minutes. The buffer layer 2 is dry- 
etched in a striped pattern by selective dry-etching 
including reactive ion etching (RIE) using a hard baked 
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resist mask. Accordingly, the AIN buffer layer 2 is 
formed in a striped pattern such that each region 
defined above the buffer layer 2, has a width of Sjim, 
and each region where the sapphire substrate 1 is 
exposed, has a width of 5|im, and are formed alter- 
nately. 

[0025] A GaN layer 3 having a thickness of several 
thousands A is grown to cover the entire surface of the 
substrate and the AIN buffer layer, while maintaining the 
substrate 1 at a temperature of 1150**C, and feeding H2, 
NH3 and TMG were fed at 20L/min, lOLymin and 
5pjnol/min, respectively. TMG is then fed at 
300^mol/min, thereby obtaining about 3jLim in thickness 
of GaN layer 3 at a growth temperature of 1000°C. In 
this embodiment, the GaN layer 3 is formed by growing 
GaN regions 32 epitaxially on the sapphire substrate 1 
in a lateral direction, from the GaN regions 31 which 
grow epitaxially on the upper surface of the AIN buffer 
layer 2 in a longitudinal direction and serves as a 
nucleus (FIG. 3A). 

[0026] The GaN regions 31 which grow epitaxially 
on the upper surface of the AIN buffer layer 2 in a longi- 
tudinal direction is dry-etched by selective etching (FIG. 
38). In this embodiment, AIN buffer layer 2 is also 
etched. A film 3 having a thickness of several thousands 
A is formed to cover the entire surface of the group 1(1 
nitride compound semiconductor, while maintaining the 
substrate 1 at a temperature of 1 1 SO^'C, and feeding H2, 
NH3 and TMG at 20L/min, lOL/min and 5pimol/min, 
respectively TMG is then fed at 300)imol/min, thereby 
obtaining about 3^im in thickness of GaN layer 3 at a 
growth temperature of lOOO^C. TMG is then fed to the 
device at 300nmol/min, wherein each space where the 
GaN region 31 is removed is covered again by growing 
a region 33 in a lateral direction at a growth temperature 
of 1 0OC'C, and the GaN layer 3 is obtained having a 
thickness about 3^m (FIG. 3G). Accordingly, GaN 
region 32 and GaN region 33. both have high crystallin- 
ity, and are formed on the sapphire substrate 1 . The 
GaN region 32 is formed on the sapphire substrate 1 
which is exposed by dry-etching the AIN buffer layer 2. 
The GaN region 33 is formed on the sapphire substrate 
1 which is exposed by dry-etching the GaN regions 31 
and the AIN buffer layer 2. As a result, a GaN layer 3, 
vvhich has excellent crystallinity and does not have 
feedthrough dislocations, can be formed over a wide 
area W as shown in FIG. 3C. 

[0027] FIGS, 4A-4C are plan views of FIGS. 3A-3C. 
In this embodiment, a GaN layer of excellent crystallinity 
is formed on a region other than a portion where the 
GaN region 31, which grows epitaxially on the upper 
surface of the AIN buffer layer 2 in a longitudinal direc- 
tion, are formed. 

[0028] FIG. 4A illustrates the buffer layer 2 which Is 
formed in a striped pattern. Regions represented by B 
are where the sapphire substrate 1 is exposed. FIG. 4B 
shows the GaN layer 3 left after etching the GaN region 
31 and the buffer layer 2 thereunder, which grows epi- 
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taxially on the buffer layer 2 in a longitudinal direction. 
As shown in FIG. 4B, the GaN region 31 which has 
feedthrough dislocations is left at both sides of the sub- 
strate in order to support the GaN regions 32 of higher 
crystallinity, thus, preventing the GaN region 32 from 
peeling. FIG. 4C shows the GaN layer 3 reunited into 
one layer by epitaxial lateral overgrowth (ELO). As 
shown in FIG. 4C, the GaN layer 3 comprises GaN 
regions 31 , 32 and 33. The GaN region 31 is formed on 
the buffer layer 2 and has feedthrough dislocations. The 
GaN region 32 is fomned on the exposed substrate 1 
and has no feedthrough dislocations. The GaN region 
33 is formed after removing the buffer layer 2 and the 
GaN layer 31 and has no feedthrough dislocations. 
Accordingly, the crystallinity of GaN regions 32 and 33, 
or a region W, which has no feedthrough dislocations, is 
very desirable. 

[0029] After the above-described process, the sap- 
phire substrate 1 and the buffer layer 2 are removed by 
machinery polishing and then the GaN region 31 which 
has feedthrough dislocations and is at both side of the 
substrate is cut. As a result, a group III nitride com- 
pound semiconductor substrate of excellent crystallinity. 
comprising the GaN layer 3 which has no feedthrough 
dislocations, is obtained. 

[0030] Although the width of the regions defined 
above the AIN buffer layer 2, which are formed in a 
striped pattern, is 5 inm, a preferred range for the width 
is from 1 |im to 1 0^m. This is because when the width of 
the regions becomes larger than lOjim, the probability 
of generating dislocations increases. When the width of 
the regions becomes smaller than 1jj.m, obtaining a 
GaN layer 3 with wide area and high quality becomes 
difficult. Additionally, although a width b of the regions B 
where the substrate 1 is exposed has a width of about 
5(j.m, a preferred range for the width is from 1p.m to 
lO^im. This is because when the width of the regions B 
becomes larger than 1 Qpm, a longer time is required for 
lateral growth, and when the width of the regions B 
becomes smaller than Ifim, the crystallinity of the GaN 
region 32 becomes too small. Further, in view of the 
crystallinity of the n-layer 3 made of GaN, the ratio of the 
width a of the region which is defined above the AIN 
buffer layer 2 to the width b of the region B where the 
sapphire substrate 1 is exposed; i.e., a/b, preferably 
falls within the range of 1 to 10. 

[0031] In the above embodiments, a preferred 
range for thickness of the n-!ayer 3 made of GaN is 
SOum to 1 00|.im, because the n-layer 3 can be formed 
without dislocations. 

[0032] In the present embodiment, the buffer layer 2 
and the group III nitride compound semiconductor layer 
3 comprise aluminum nitride (AIN) and gallium nitride 
(GaN), respectively. Alternatively, these materials are 
not limited to AIN and GaN, respectively. An essential 
point of the present invention is to grow the group III 
nitride compound semiconductor, which does not grow 
epitaxially on the substrate, on the buffer layer epitaxi- 



ally in a longitudinal direction and on the exposed sub- 
strate portion in a lateral direction, in order to form 
regions without feedthrough dislocations. The materials 
of the substrate, the buffer layer, and the composition 

5 ratio of the group 111 nitride compound semiconductor 
can be combined in different ways in accordance with 
different conditions for epitaxial growth. Accordingly, 
when sapphire and aluminum nitride (AIN) are used to 
form the substrate and the buffer layer, respectively, a 

10 group III nitride compound semiconductor represented 
by a general formula AI^Gayln^.^-yN (0<x<1, 0<y<1. 
0<x+y<1 , except AIN, when x=1 and y=0) and having an 
arbitrary composition ratio may be used to form the 
group III nitride compound semiconductor. 

15 [0033] In the above embodiments, sapphire is used 
to form the substrate 1. Alternatively, silicon (SI), silicon 
carbide (SiC), and other materials can be used. 
[0034] In the embodiments, aluminum nitride (AIN) 
is used to form the buffer layer 2. Alternatively, gallium 

20 nitride (GaN), gallium indium nitride (Ga^ln-j.^N. 0<x<1), 
aluminum gallium nitride (AI^Ga^.^N, 0<x<1) or alumi- 
num gallium indium nitride (AI^Gayln-j.^-yN, 0<x<1, 
0<:y<1 , 0<x+y<1) may also be used. 
[0035] In the embodiments, the buffer layer 2 is 

25 formed in a striped pattern. Alternatively, the buffer layer 
2 can be formed into an island pattern by exposing the 
substrate 1 in a grid pattern as shown in FIG. 5. 
Although the buffer layer 2 sun-ounds the peripheral sur- 
face of the substrate in FIG. 5, it is not necessarily 

30 present. 

[0036] As described above, a group Hi nitride com- 
pound semiconductor substrate can be obtained. 
Except when selectivity of epitaxial growth is prevented, 
an arbitrary dopant such as silicon (Si), germanium 

35 (Ge), zinc (Zn), indium (In), or magnesium (Mg) may be 
doped into the group III nitride compound semiconduc- 
tor substrate. Accordingly, the group III nitride com- 
pound semiconductor substrate which has an arbitrary 
resistivity and includes an arbitrary dopant may be 

40 obtained. 

[0037] A light-emitting diode or a laser device com- 
prising various group III nitride compound semiconduc- 
tors, which is well known to have a double hetero 
structure comprising a guide layer, a cladding layer, an 

45 active layer having an MOW or SQW structure can be 
formed in the group 111 nitride compound semiconductor 
substrate of the present invention. For example, when a 
laser diode is formed on the group 111 nitride compound 
semiconductor substrate, a resonator facet can be eas- 

50 ily cleaved because all the layers from the substrate to 
other layers are made of group 111 nitride compound 
semiconductors. As a result, oscillation efficiency of the 
laser can be improved. And by forming the group III 
nitride compound semiconductor substrate to have con- 

55 ductivity, electric current can flow in a vertical direction 
to the surface of the substrate. As a result, a process for 
forming an electrode can be simplified and the sectional 
area of the current path becomes wider and the length 
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becomes shorter, resulting in lowering a driving voltage 

of the device. 

[0038] In the above embodiments, the MOVPE 
method is carried out under normal pressure. Alterna- 

^ lively, the MOVPE method can be carried out under 5 
reduced pressure. Further alternatively, it can be carried 
out under conditions combining normal pressure and 

^ reduced pressure. The group III nitride compound sem- 
iconductor of the present invention can be applied not 
only to a light-emitting device such as an LED or an LD io 
but also to a light-receiving device or an electronic 
device. 

[0039] While the invention has been described in 
connection with what are presently considered to be the 
most practical and preferred embodiments, it is to be is 
understood that the invention is not to be limited to the 
disclosed embodiments, but on the contrary, is intended 
to cover various modifications and equivalent arrange- 
ments included within the spirit and scope of the 
appended claims. 20 
[0040] A buffer layer 2 made of aluminum nitride 
(AIN) is formed on a substrate 1 and is formed into an 
island pattern such as a dot pattern, a striped pattern, or 
a grid pattern such that substrate-exposed portions are 
formed in a scattered manner. A group III nitride com- 25 
pound semiconductor 3 grows epitaxially on the buffer 
layer 2 in a longitudinal direction, and grows epitaxially 
on the substrate-exposed portions in a lateral direction. 
As a result, a group III nitride compound semiconductor 
3 which has little or no feedthrough dislocations 4 is 30 
obtained. Because the region where the group III nitride 
compound semiconductor 3 grows epitaxially in a lateral 
direction, on region 32, has excellent crystallinity. form- 
ing a group III nitride compound semiconductor device 
on the upper surface of the region results in improved 35 
device characteristics. 

Claims 

1- A method for manufacturing a group III nitride com- 40 
pound semiconductor, which hardly grows epitaxi- 
ally on a substrate by crystal growth, comprising: 

forming a buffer layer on said substrate into an 
island pattern such as a dot pattern, a striped 45 
pattern, or a grid pattern such that substrate- 
exposed portions are formed in a scattered 
manner; and 

forming a group III nitride compound semicon- 
ductor layer on said island patterned buffer so 
layer by growing said group III nitride com- 
pound epitaxially in longitudinal and lateral 
directions. 

2. A method for manufacturing a group III nitride com- 55 
pound semiconductor, which hardly grows epitaxi- 
ally on a substrate by crystal growth, comprising: 
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forming a buffer layer on said substrate into an 
island pattern such as a dot pattern, a striped 
pattern, or a grid pattern such that substrate- 
exposed portions are formed in a scattered 
manner; 

forming a group III nitride compound semicon- 
ductor layer on said island patterned buffer 
layer by growing said group III nitride com- 
pound epitaxially In longitudinal and lateral 
directions; 

etching at least one region of said group III 
nitride compound semiconductor layer, growing 
in a longitudinal direction on said island pat- 
terned buffer layer; and 

growing said group ill nitride compound semi- 
conductor epitaxially in a lateral direction on a 
remaining unetched portion of the group III 
nitride compound semiconductor. 

3. A method for manufacturing a group III nitride com- 
pound semiconductor according to claims 1 and 2, 
further comprising: 

combining epitaxial growth of said group ill 
nitride compound formed on said island pat- - 
terned buffer layer in a longitudinal direction ' 
and epitaxial growth of said group III nitride * ^ 

compound in a lateral direction by using the dif- • 
ference between the velocities of epitaxial ' 
growth of said group IN nitride compound sem- 
iconductor layer on said buffer layer and on 
said substrate, in order to obtain a group III - 
nitride compound semiconductor layer which 
covers the surface of said substrate. ■ 

4. A method for manufacturing a group III nitride com- 
pound semiconductor according to claims 1, 2 and 
3, characterized in that said substrate Is made of 
sapphire, 

5. A method for manufacturing a group ill nitride com- 
pound semiconductor according to claims 1, 2, 3, 
and 4, characterized in that said buffer layer is 
made of aluminum nitride (AIN). 

6. A method for manufacturing a group Hi nitride com- 
pound semiconductor according to claims 1 , 2, 3, 4, 
and 5, characterized in that said group III nitride 
compound semiconductor growing in a lateral 
direction does not comprise aluminum (Al). 

7. A method for manufacturing a group Hi nitride com- 
pound semiconductor according to claims 1 . 2. 3, 4, 
5, and 6, further comprising: 

forming an another group 111 nitride compound 
semiconductor layer on said group III nitride 
compound semiconductor in order to obtain a 
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light-emitting group 111 nitride conripound semi- 
conductor device, characterized in that said 
group III nitride compound semiconductor is 
formed on a region where said Island patterned 
buffer layer is not formed. 



8. A method for manufacturing a group 111 nitride com- 
pound semiconductor according to claims 1, 2, 3, 4, 
5. and 6, further comprising: 

removing said substrate in order to obtain only 
said group III nitride compound semiconductor 
layer. 



9. A light-emitting group lit nitride compound semicon- is 
ductor device formed by the method of claim 7. 



10. A group III nitride compound semiconductor sub- 
strate formed by the method of claim 8. 
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